Recently, the homogenization method has been proposed to predict the macroscopic material properties and characteristics of deformation by considering periodicity of poly crystal microstructure (Terada et al., 1996; Miehe, 1999 Miehe, ,2002 .
INTRODUCTION
Recently, the homogenization method has been proposed to predict the macroscopic material properties and characteristics of deformation by considering periodicity of poly crystal microstructure (Terada et al., 1995 [1] ; Miehe, 1999 Miehe, ,2002 [2, 3] ; Nakamachi et al., 2002 [5] ). We have developed the dynamic explicit finite element (FE) analysis code by using a crystallographic homogenization method. And this FEM has shown more reasonable prediction of plastic deformation for simulating the polycrystalline materials (Nakamura et al. 2004 [4] ). In this study, the crystallographic homogenization FEM was used to simulate the limiting dome height test (LDH), in the order to find out the localized distribution of thickness strain and the texture evolution.
DYNAMIC EXPLICIT CRYSTALLOGRAPHIC HOMOGENIZATION FE FORMULATION

Coordinates of macro continuum and microstructure
Suppose a three-dimensional macro continuum is the assembly of periodic microscopic structures (single crystals) and assume one local region (X), which can be replaced by a homogenized model. Hence, for the description of macro continuum, a Cartesian coordinate system is established ( Fig.1.a) (1) After the macroscopic model has undergone a finite deformation, the deformation of the microstructure in one small region is different from that in the other. However, we assume that the periodicity remains in the local region even after the finite deformation. In this case, the microstructure in that region is assumed to be uniformly. Therefore, we consider the homogenized (or macroscopic) model of that region, and the rate of displacement in the homogenized region ) ( 0 x u i ¢ can be described as Eq.(2): 
When we consider the order of the scale ratio λ , 1 i u described in the x-coordinate system is very small. Velocity in macro-model:
is determined by the governing equations and the corresponding boundary conditions for the macro continuum.
The rate of displacement of microstructure can be written in the coordinate system y as:
Equation (6) is the value of coordinates in microscopic coordinate system multiplied by the macroscopic displacement gradient. 
where [ L ] denotes the components of velocity expressed in the lattice local system.
The Mandel-Kratochi co rotational rate of Cauchy stress is obtained as follows: 
Then the global components of Cauchy stress can be obtained as
The resolved shear stress on slip system ) (α is derived as follows:
b) The virtual power equation for the unit-cell
The virtual power equation for the microstructure can be obtained as follows: 
At the boundary of unit-cell, we assume:
It should be noted that only geometry boundary conditions are considered in equation (14) and i u ¡ represents the total deformation of unit-cell defined by Eq.(6).
c) Specification of boundary conditions for unit-cell
On the boundary of unit-cell, the following expressions can be obtained by using Eqs. 
On unit-cell boundary:
In each incremental step, at each integration point of the macro continuum element, the velocity gradient where Ne is the total number of finite elements in the FE model.
e) The governing equation for macro continuum
For the description of macro continuum deformation, the virtual power equation is employed as:
represents the deformation field of the macro continuum and H ij σ stands for the homogenized stresses, which is to be determined by solving the problem of point wise attached unit-cell and then using the volume average technique, which is described in part d). It is clear from the above that constitutive law for the solution of macro continuum deformations is dependent on that of the microstructure.
FE ANALYSIS OF LIMITING DOME HEIGHT
As the example of application for the present formulation, the limiting dome height tests were simulated. The NUMISHEET2005's material AL6022-T43 (Alcoa) is used. The localized distribution of thickness strain and texture evolution can be predicted by this simulation.
Unit-cell definition by using EBSD measurement
For defining the unit-cell, the EBSD method has been used to measure a cubic texture data. The size of measurement volume is RD x TD x ND = 224.79(µm) x 125.73(jim) x 218.5(|im). The observation pixel is 3.81jim in material plane and 5.46jim in thickness direction. The result of 77880 observation points is shown in Fig.2 .
This EBSD result is applied to FE analysis such as the initial crystal orientations by using unit-cell. The size of unit-cell is determined by using the error square sum of crystal orientation distribution. The numbers of measured point 75000 FIGURE 3. The relation between error square sum and numbers of measured point
It is clear that, the error square sum S m decrease when numbers of measured point increase. That mean, the distribution of crystal orientation of candidate volume (for unit-cell searching) will converge to the full size's distribution (population). So that, there is an periodicity in the distribution of crystal orientation. Here, the minimum size of candidate volume, which have the error square sum 5 a and S^ less than 10~6 is found out (RD = 198|im; TD = 99|im and ND = 185.64|im), and this volume is applied to analysic such as the unit-cell. Figure 4 shows the frofile and the texture of unit-cell, which determine by EBSD observation. LDH simulation has been executed by using our FE code. The tool set-up and geometry description are shown in Fig.5 .a, and the blank modeling for FE simulation are given in Fig.5 .b.
Numbers of finite element for macro continuum is 448. To investigate the effects of the division of unit-cell on the formability of LDH such as the thickness strain, Two models of unit-cell were used: one is (3x3x3) and one is (5x5x5), both correspond to 216 and 1000 crystal orientations are allocated to each macroscopic integration point. The initial textures of two unit-cell models are presented in Fig.6 . The material properties for crystal model are shown in Table. 1. Figure 7 shows the numerical result of thickness strain distribution when using cel!27 (Fig.T.a) and cel!125 (Fig.T.b) . In the generally, the cel!27 result is the same as cel!125 one: the distribution of thickness strain is symmetric with respect to the y-axis, and in each half, there are two localization of strain occurred on the upper plane of blank: one is tension strain (the slim arc near A position £ z = 0.0363) and one is compression strain (the small circle with the center point is B position). 
CONCLUSION
The unit-cell of AL6022-T43 is determined as a cubic texture with the size is 198x99x185.64µm by using EBSD measurement. And this unit-cell is applied directly to LDH FE analysis by using 27 and 125 division models.
The dynamic explicit crystallographic homogenization finite element analysis code was applied to simulate the LDH test. The localized distribution of thickness strain and texture evolution were obtained, and they show that, in this case, the unit-cell with 27 division is enough to describe the effects of unit-cell's texture in the macrostructure.
